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(67)  The invention relates to a threaded sleeve (19)
for assembling with heat input in a component manufac-
tured by FDM process (37). The threaded sleeve com-
prises a groove (15) along its longitudinal axis. Further,
the outwardly facing surface of the threaded sleeve com-
prises a self-tapping thread which is divided into two sec-
tions (2, 4) along the threaded sleeve’s longitudinal axis.
The first section comprises a constant pitch diameter and
the second area comprises a pitch diameter decreasing
along its longitudinal axis. The inwardly facing surface of
the threaded sleeve comprises a metric thread (21). Fur-
thermore, the invention relates to a KIT, a system and a
method for assembling with heat input the above-men-
tioned threaded sleeve in a component manufactured by
FDM process.
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Description

[0001] The invention relates to a threaded sleeve for
assembling with heat inputin a component manufactured
by FDM process. The threaded sleeve comprises a
groove along its longitudinal axis. Further, the outwardly
facing surface of the threaded sleeve comprises a self-
tapping thread which is divided into two sections along
the threaded sleeve’s longitudinal axis. The first section
comprises a constant pitch diameter and the second area
comprises a pitch diameter decreasing along its longitu-
dinal axis. The inwardly facing surface of the threaded
sleeve comprises a metric thread.

[0002] Furthermore, the invention relates to a KIT, a
system and a method for assembling with heat input the
above-mentioned threaded sleeve in a component man-
ufactured by FDM process

Background of the invention

[0003] Numerous solutions have been established on
the market for screwing plastics. In particular, self-tap-
ping screws represent the state of the art. The screws
have sharp edges that cut a thread themselves when
screwed into the plastic.

[0004] There are different versions of cutting edge
shape in the art:

a) The cutting edges are isosceles with an angle of
30°

b) The cutting edges are isosceles with an angle of
60°

c) The top and bottom of the cutting edges differ

[0005] When assemblingthe screws, care mustbe tak-
en not to exceed the defined peripheral speed of the cut-
ting edges when screwing them into plastic, otherwise
this will melt the plastic on the resulting contact surfaces.
Hence, itis not possible to apply a desired preload force.
[0006] The advantage of this screw variant is the quick
and inexpensive assembly. No additional components
are necessary. A major disadvantage, however, is that
the type of screw connection can only be reused to a
limited extent. A maximum repeatable screw connection
is given as approximately 10.

[0007] Using threaded sleeves is a common alterna-
tive to the described direct screwing. Threaded sleeves
are inserted into the plastic. The inwardly facing surface
ofthe threaded sleeves are provided with a metric thread,
so that this type of connection results in a releasable,
reusable connection.

[0008] There are different types of threaded sleeves:

a) with knurls
[0009] Knurls are applied to the outwardly facing sur-

face of the threaded sleeve to generate a resistive torque
when the threaded sleeve is installed. Depending on the
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manufacturer, there are different knurling arrangements
in the prior art. The threaded sleeve is inserted, for ex-
ample, by heat embedding. The threaded sleeve is heat-
ed by a mandrel and pressed into the plastic with a de-
fined pressure.

b) with thread

[0010] The outwardly facing surface of the threaded
sleeve comprises a coarse thread instead of the knurls.
This type of threaded sleeve is inserted into the plastic
by screwing. For this purpose, two notches are provided
on the top of the sleeve, which allow a screwdriver to be
attached

c) with heels

[0011] This type of thread insert is used in injection
molding processes. There, the sleeves are already in-
serted during production and overmolded with, for exam-
ple, fiber-reinforced plastic.

[0012] Furthermore, no explicit solutions are known for
screw connection relating components manufactured by
Fused Deposition Modeling. Only threaded sleeves are
described in the art which are simply screwed into the
material. The FDM process is based on melting filaments
and laying them on top of each other in layers. This cre-
ates anisotropy which means depending on the direction
of the filaments, the resulting component has very differ-
ent strength properties. This has a directinfluence on the
strength of the screw connection. There is also the risk
of screwing a screw connection (e.g. threaded sleeve
with external thread or self-tapping screws) into the ma-
terial, as this can separate the filament layers. This leads
to a loss of strength within the screwed area.

[0013] Since the FDM process enables a free design
of the manufactured components, there is also the option
of printing in commercially available metric nuts, so that
this creates a screw connection. These screwed connec-
tions must be disadvantageously already planned during
the construction of the FDM-component and cannot be
subsequently incorporated into the component. Moreo-
ver, such screwed connections do not have sufficient
strength.

Summary of the invention

[0014] Inlight of the prior art the technical problem un-
derlying the present invention is to provide a threaded
sleeve as well as a system and a kit which enables in-
creased strength of screw connections relating compo-
nents manufactured by FDM process and a method for
assembling said threaded sleeve in a component man-
ufactured by FDM to increase the strength of screw con-
nection.

[0015] This problem is solved by the features of the
independent claims. Preferred embodiments of the
present invention are provided by the dependent claims.
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[0016] The basis of the invention is a threaded sleeve.
In contrast to conventional threaded sleeves for plastic,
it has the following deviations / innovations described in
the document.

[0017] Ina preferred embodimentthe invention relates
to a threaded sleeve for assembling with heat input in a
component manufactured by FDM process character-
ized in that

- the threaded sleeve has a groove along its longitu-
dinal axis and

- an outwardly facing surface of the threaded sleeve
comprises a self-tapping thread having cutting edg-
es and an inwardly facing surface of the threaded
sleeve comprises a metric thread.

[0018] The invention aims to achieve a considerable
calculable increase in strength in screwed components
manufactured by FDM. Essentially, a screw-in self-tap-
ping threaded sleeve with heat input is screwed into an
FDM-printed hole. The heat is preferably generated from
a heat source which affects the threaded sleeve. In con-
trastto plastic, meltingis expressly wanted. The filaments
are not blown open under the influence of force, instead
they cling to the thread geometry. The provision of a
groove in the thread is intended to make it possible for
the filament to adhere to the threaded sleeve in the vis-
cous state. When screwed in and after removing the heat
source, the flament hardens. The filament located in the
groove then prevents the sleeve from unscrewing. In the
area of the heat affected zone, i.e. directly in the screwing
area, all filament webs additionally fused together in this
way. This results in an overall firm connection, which ad-
heres to the thread and the body of the sleeve.

[0019] Ina preferred embodimentthe invention relates
to a threaded sleeve for assembling with heat input in a
component manufactured by FDM process character-
ized in that

- the threaded sleeve has a groove along its longitu-
dinal axis and/or an applied surface roughness, pref-
erably waviness, and

- an outwardly facing surface of the threaded sleeve
comprises a self-tapping thread having cutting edg-
es and an inwardly facing surface of the threaded
sleeve comprises a metric thread.

[0020] Fused deposition modeling (FDM)is a 3D print-
ing process that uses a continuous filament of a thermo-
plastic material and is known from the prior art. Filament
is fed from a large coil through a moving, heated printer
extruder head, and is deposited on the growing work. A
print head is moved under computer control to define the
printed shape. Usually the head moves in two dimensions
to deposit one horizontal plane, or layer, at a time; the
work or the print head is then moved vertically by a small
amount to begin a new layer. The speed of the extruder
head may also be controlled to stop and start deposition
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and form an interrupted plane without stringing or drib-
bling between sections.

[0021] This type of 3D printing can be used especially
for rapid prototyping. In a preferred embodiment, the
FDM process uses plastic which preferably comprise a
thermoplastic, a thermosetting and / or an elastomeric
material. Thermoplastics are easy to process. Thermo-
sets are preferably particularly stable even at high tem-
peratures and cannot be deformed, especially when ex-
posed to heat. In particular, elastomers have a high con-
vertibility and a higher energy absorption.

[0022] In another preferred embodiment, a fiber com-
posite material comprising a fiber reinforcement in a pol-
ymer matrix may be printed. A polymer matrix is prefer-
ably also referred to as a plastic matrix.

[0023] A fiber composite material is known to the per-
son skilled in the art and preferably comprises reinforcing
fibers made of fibers, e.g. B. carbon fiber and a polymer
or plastic matrix thatembeds the fibers. The plastic matrix
and/or polymer matrix advantageously means a material
which comprises polymers and in which the fibers are
embedded. Since the fibers advantageously have a high-
er stiffness than the matrix, the applied load or force is
preferably conducted along the fibers, which preferably
increases the overall stability of the fiber composite ma-
terial.

[0024] A fiberis in particular a linear, elongated struc-
ture, which consists of a fibrous material and has a fiber
shape, the longitudinal shape z. B. smooth or frizzy and
the cross-sectional shape is round or angular, for exam-
ple. Fibers are primarily used to denote thin threads, pref-
erably a few micrometers in diameter. Thicker and / or
thinner fibers are also known and can be used. A fiber
roving or only roving preferably consists of several fibers
and therefore forms a fiber bundle. In technical applica-
tions, fiber rovings are often used to increase manage-
ability. Furthermore, fibers can also preferably be present
as yarn, in this case fibers of different lengths are in par-
ticular twisted or interwoven with one another.

[0025] The components manufactured by FDM proc-
ess may preferably have simple geometries, such as
cuboids, plates, cylinders etc. Such components are ad-
vantageous to produce quickly without much effort. Fur-
thermore such geometries have high stability properties.
[0026] However, itis notexcluded thatthe components
also have complex geometries. The advantage of the
FDM process is the free choice of the geometric design
shapes.

[0027] According to the invention, the term "heatinput”
preferably means that the threaded sleeve is heated ex-
ternally by a heat source. Since the threaded sleeve is
heated, it heats the contacting material of the component
manufactured by FDM process. The threaded sleeve
therefore transfers the heat into the component so that
it changes its material properties. Hence, the component
gets melted.

[0028] The heatsource is preferably a heating element
which converts electrical energy into heat through the
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process of Joule heating. Electric current through the el-
ement encounters resistance, resulting in heating of the
element. Said heat source is very easy to install and well
controllable. However, other heat sources can also be
used, for instance fuel source.

[0029] The threaded sleeve is preferably made of ma-
terial from a group consisting of steel (from simple struc-
tural steel to stainless steel alloys such as brass and
other non-ferrous metal alloys) and non-ferrous metals
such as copper, titanium, aluminium etc.

[0030] Steel for the production of screws connections
is the most commonly used screw material. This screw
material is usually provided with a coating to protect
against corrosion, the most common protective coating
is electro galvanizing. Stainless steel threaded sleeves
ensure a long-lasting connection even in outdoor areas.
Threaded sleeves made of aluminium, on the other hand,
are advantageously lightweight, have a high level of cor-
rosion protection and a high tightening efficiency.
Threaded copper sleeves offer a high thermal expansion
behavior, which makes them the right fastening element
for specific screwing operations. The strong electrical
conductivity of copper also predestines it for threaded
sleeves, which are necessary for electrical installations.
[0031] The groove according to the invention is pref-
erably configured over the entire length (longitudinal axis)
of the threaded sleeve and is located in the thread on the
outwardly facing surface. The groove width is preferably
1 mm to 20 mm, more preferably 3 mm to 15 mm and in
particular 5 to 10 mm. In a further preferred embodiment,
the groove may preferably have a groove depth which is
preferably 0.01 mm to 3mm, more preferably 0.1 mm to
2mm and in particular 0.5 to 1 mm. Preferably, the groove
may only be provided in the self-tapping thread. The
groove advantageously does not influence the stability
of the threaded sleeve. The particularly advantageous
effect of the aforementioned sleeve is that the filament
of the FDM-component is located in the groove after as-
sembling the threaded sleeve to prevent the sleeve from
twisting in the solidified state. Especially these preferred
groove dimensions lead to such an optimal effect. It is
advantageous that a groove can be inserted into the
threaded sleeve in a simple manner using a milling proc-
ess.

[0032] Preferably, the groove may only be provided in
the self-tapping thread.

[0033] In a further preferred embodiment, the groove
is not designed over the entire length of the threaded
sleeve. The groove can also only be formed in certain
areas along the longitudinal axis of the threaded sleeve.
This means that not much material has to be advanta-
geously removed in a post-processing procedure. For
example, arecessin justone thread path can be sufficient
to achieve the advantages according to the invention.
[0034] In another preferred embodiment, the self-tap-
ping thread’s flanks may preferably have a high rough-
ness. The surface roughness is preferably applied delib-
erately in a post process. Along the thread flanks, a tar-
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geted increase in roughness may preferably possible as
an alternative. The melted material may deposit along
the flanks accordingly and hardens. This results in an
effect that prevents loosening the threaded sleeve. The
average roughness value at the thread flanks is prefer-
ably from Ra 3.2 to Ra 50. In order to increase the men-
tioned effect from it is conceivable to design the thread
flanks with a waviness.

[0035] Waviness refers to uneven surfaces that occur
periodically atlongerintervals than roughness, which can
be defined as a deviation from an ideal surface that oc-
curs repeatedly at relatively longer intervals than depth.
Waviness can be caused, amongst other things, by a
workpiece not being clamped centrally in the tool. Milling
can also result in waviness if the shape or position of the
milling cutter is not ideal or the tool/machine is subject
to vibrations. According to the invention, the waviness is
deliberately applied to allow wedging between the
threaded sleeve and the FDM component.

[0036] Generally, a real measuring profile of a surface
can be imagined as a summation of uniform periodic pro-
files (waves). Real profiles consist of several sine waves,
each with its own wavelength. One way of measuring
waviness is the scattered light method, which involves
measurement and statistical evaluation of the reflection
of light beams projected onto the surface.

[0037] Inafurther preferred embodiment, the self-tap-
ping thread’s flanks may preferably be provided with a
contour. Such contour can be designed as knurls or pro-
trusions. The contour enables an even stronger screw
connection, as the knurls or protrusions interlock with the
component manufactured by FDM process.

[0038] Inanotherpreferred embodiment, the invention
may also have a groove with a certain roughness and/or
certain protrusions. The protrusions are preferably ap-
plied deliberately in a post process. In a first step of the
post process, a longitudinal section (path) of the threaded
sleeve is machined away by milling to create a groove.
The milling process generates a certain roughness, pref-
erably from Ra 3.2 to Ra 50, in the groove and/or external
material is then applied into the groove to create one or
more protrusion.

[0039] Inanother preferred embodiment, the threaded
sleeve has both a groove and self-tapping thread’s flanks
with a certain roughness, preferably from Ra 3.2 to Ra
50. The combination of a high roughness and/or wavi-
ness and a groove results in a very firm anchoring of the
threaded sleeve in the component manufactured by FDM
process.

[0040] For the purposes of the invention, the metric
thread is preferably an iso-metric thread. The ISO metric
thread is a worldwide standardized thread with metric
dimensions and 60° flank angle. The metric thread inside
the threaded sleeve is advantageously designed to en-
able the reusability of a screw connection. The pitch di-
ameter of the metric thread is preferably constant along
the longitudinal axis of the threaded sleeve.

[0041] A self-tapping thread is preferably provided on
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the outwardly facing surface of the threaded sleeve. The
aim here is to achieve the largest possible resulting heat
zone in order to optimally define the high-strength area.
Compared to the knurled threaded sleeves disclosed ac-
cording to the state of the art, which are inserted into a
plastic component affected by heat, the heat zone of the
threaded sleeve according to the invention is consider-
ably larger. Additionally, the self-tapping thread also in-
creases the pull-out resistance.

[0042] Inafurther preferred embodiment, the threaded
sleeve is characterized in that the self-tapping thread is
divided into two sections along the threaded sleeve’s lon-
gitudinal axis, wherein a first section comprises a con-
stant pitch diameter and a second section comprises a
pitch diameter decreasing along its longitudinal axis.
Such an arrangement proves advantageous in a simpli-
fied insertion of the threaded sleeve into the material.
Apart from the insertion, it is advantageously stable. Fur-
thermore, the smaller pitch diameter in the second sec-
tion can still form a very good heat influence on the com-
ponent manufactured by FDM process. Because the first
section has a constant diameter, the threaded sleeve can
be easily guided by an external guide (sleeve) when
screwing it into the material.

[0043] In afurther preferred embodiment the threaded
sleeve is characterized in that the self-tapping thread is
divided into two sections along the threaded sleeve’s lon-
gitudinal axis, wherein a first section comprises a con-
stant pitch diameter and a second section comprises a
pitch diameter decreasing along its longitudinal axis and
wherein the self-tapping thread’s maximum pitch diam-
eter is configured at its first section.

[0044] The pitch diameter is preferably the middle di-
ameter between the major and minor diameter of thread-
ed sleeve threads (self-tapping thread on the outwardly
facing surface; metric thread on the inwardly facing sur-
face). Said pitch diameter is synonymous with flank di-
ameter. The person skilled in the art is familiar with these
terms.

[0045] In a preferred embodiment, the self-tapping
thread’s pitch diameter decreases in the second section
preferably essentially exponentially, more preferably es-
sentially constantly (linear).

[0046] Terms such as essentially, approximately,
roughly, ca., etc. preferably describe a tolerance range
of less than = 40%, preferably less than = 20%, espe-
cially preferably less than = 10%, even more preferably
lessthan = 5% and especially less than = 1% and always
include the exact value. The term similar describes pref-
erably values which are approximately the same. The
term partial describes preferably at least 5%, especially
15 preferably at least 10%, and especially at least 20%,
in some cases at least 40%

[0047] In a further preferred embodiment, the second
section of the threaded sleeve’s self-tapping thread also
has a constant pitch diameter. In this case, the pitch di-
ameter can be essentially equal or smaller than the pitch
diameter of the first threaded sleeve’s section. Due to
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the constant pitch diameters in the first and second sec-
tion of the threaded sleeve, the described embodiment
of the threaded sleeve is simplified to manufacture, in
particular the process of applying the thread.

[0048] Preferably, the first section is located above the
second section in relation to the upright threaded sleeve,
both sections being adjacent to each other. Because the
upper (first) section has preferably a constant pitch di-
ameter and the pitch diameter of the second section pref-
erably decreases, the threaded sleeve in the lower sec-
tion acts like a pointed sleeve and allows an advanta-
geous easy insertion into the component manufactured
by FDM process.

[0049] Inafurtherpreferred embodiment, the threaded
sleeve is characterized in that the self-tapping thread’s
maximum pitch diameter is configured at its first section.
This results in particularly good stability, as the thread
sleeve can be guided into the material and can also be
inserted into the material to particular advantage. Sur-
prisingly, the center of gravity located relatively high up
in the threaded sleeve has no negative effect on the guid-
ance and insertion of the threaded sleeve.

[0050] In a further embodiment the self-tapping
thread’s maximum pitch diameter is preferred between
1 mm to 50 mm, more preferred 3 mm to 20 mm and
particularly preferred 5 mm to 15 mm. These values are
particularly suitable for solving the task according to the
invention. These thread sizes allow a large heat input
into the material and also reduce the need for a fixed
screw connection.

[0051] Inafurtherpreferred embodiment, the threaded
sleeve is characterized in that the threaded sleeve com-
prises ferromagnetic material. The threaded sleeve thus
may advantageously stick to a magnetic torque-applying
tool. This makes it easier to place the threaded sleeve
on the FDM printed component.

[0052] Preferably, the first section of the threaded
sleeve consists of ferromagnetic material. The torque-
applying tool is particularly attached to the first section
of the threaded sleeve, so it is sufficient if only this part
comprises ferromagnetic material. This also allows a sim-
plified guidance, as shown in the later part of this docu-
ment.

[0053] Inafurtherpreferred embodiment, the threaded
sleeve is characterized in that the threaded sleeve has
several grooves along its longitudinal axis. In a further
preferred embodiment, the threaded sleeve preferably
comprises 1 - 8 grooves, more preferably 2 - 6 grooves
and especially 4 grooves. A large number of grooves
results in a particularly strong fastening of the threaded
sleeve in the FDM component.

[0054] Inafurtherpreferred embodiment, the threaded
sleeve characterized in that the threaded sleeve com-
prises an internal hexagon socket or torx socket. This
allows the threaded sleeve according to the invention to
be inserted into the component manufactured by FDM
process by applying standardized torque-applying tool.
The threaded sleeve can also comprise other tool sock-
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ets such as external hexagon, Slot, Cross, Frearson,
Phillips etc. The standardized tools are advantageously
easy to obtain and are especially not expensive.

[0055] Inafurther preferred embodiment, the threaded
sleeve is characterized the threaded sleeve comprises
ferromagnetic material and/or several grooves along its
longitudinal axis and/or an internal hexagon socket
and/or a torx socket.

[0056] In a further preferred embodiment, a Kit com-
prises a threaded sleeve of the type mentioned and a
guide sleeve having heating coils. The preferred kit
makes it easier to screw the threaded sleeve into a com-
ponent manufactured by FDM process, as it is both guid-
ed and heated. Heating the threaded sleeve causes the
material of the component manufactured by FDM proc-
ess to melt when the sleeve is screwed in. The guide
also allows the threaded sleeve to be inserted straight
into the material, resulting in a particularly stable bond.
[0057] The guide sleeve is preferably tubular and has
an internal and external diameter. Preferably the guide
sleeve does not have a thread. The guide sleeve’s inter-
nal diameter is preferably aligned to the maximum con-
stant pitch diameter of the first range, so that it can guide
the threaded sleeve.

[0058] The longitudinal expansion of the guide sleeve
is essentially greater than the longitudinal expansion of
the threaded sleeve. In a preferred embodiment the lon-
gitudinal expansion is 1.5 to 3 times as large as the lon-
gitudinal expansion of the threaded sleeve, more prefer-
ably 2 times as large. Such a size of the guide sleeve
makes it possible to reach the threaded sleeve through
a frontal opening of the guide sleeve and insert the
threaded sleeve into the material in a particularly simple
way with a torque-applying tool.

[0059] The longitudinal expansion of the guide sleeve
is preferably 20 mm to 200 mm, more preferably 60 bis
150mm and in particular 100mm.

[0060] In a further preferred embodiment, a system
configured for assembling a threaded sleeve of the type
mentioned with heat inputin a component manufactured
by FDM process comprising: a threaded sleeve of the
type mentioned; a guide sleeve; a component manufac-
tured using the FDM process

is characterized in that

- the inner diameter of the guide sleeve is radially
aligned with the self-tapping thread’s pitch diameter
of the threaded sleeve, so that the threaded sleeve
is guided in the guide sleeve

- the guide sleeve is partially surrounded by heat
source.

[0061] The described preferred embodiment enables
precise alignment of the threaded sleeves before and
during screwing in. The design is also very well suited
for integration into an automated process. Here, either
the component manufactured by FDM process can be
automatically fed and positioned or the guide sleeve can
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be moved accordingly over the component. The guide
sleeve allows a better controllable and faster heating of
the threaded sleeve, because the guide sleeve acts like
an almost closed oven, so the applied heat 'cannot es-
cape in all directions.

[0062] The guide sleeve is preferably radially aligned
with the threaded sleeve so that the threaded sleeve can
be guided along the longitudinal axis of the guide sleeve.
This means in particular that the internal diameter of the
guide sleeve is preferably designed to be slightly larger
than the pitch diameter and to provide a clearance fit.
The alignment is preferably designed so that the maxi-
mum pitch diameter of the threaded sleeve’s self-tapping
thread (included the cutting edges) is smaller than the
internal diameter of the guide sleeve. The guide sleeve
and threaded sleeve are aligned in such a way that the
self-tapping thread does not cut a thread in the guide
sleeve.

[0063] The guide sleeve is preferably made of metal,
as this has very good heat conductivity and can therefore
transfer heat from the heat source into the threaded
sleeve.

[0064] In a further preferred embodiment, the guide
sleeve is preferably made of a material selected from a
group consisting of (stainless) steel, cast iron, copper,
brass, nickel alloys, titanium alloys, aluminium alloys.
[0065] Guiding the threaded sleeve preferably means
that the threaded sleeve inside the guide sleeve can be
moved in the axial direction of the guide sleeve without
the threaded sleeve tilting and being screwed into the
component manufactured by FDM process at an unfa-
vourable angle.

[0066] The heating source may preferably be placed
evenly around the guide sleeve, so that the threaded
sleeve may be evenly heated from all sides. Due to the
good heat conduction properties of the guide sleeve, it
may be sufficientto place the heat source only ata certain
point on the guide sleeve so that the heat is still evenly
distributed around the threaded sleeve.

[0067] In another preferred embodiment the system is
characterized in that the component manufactured by
FDM process has a core hole, wherein the guide sleeve
rests radially aligned over the core hole. Due to the core
hole, the threaded sleeve can be inserted in a very simple
way. On the one hand, the core hole acts as an additional
fixation and/or guide for the threaded sleeve, so that the
threaded sleeve can be inserted exactly at a predefined
position. On the other hand, there is no need to apply a
large torque to screw the threaded sleeve into the com-
ponent manufactured by FDM process, as the core hole
has less material which acts as a resistance. The core
hole has no big impact on the stability of the component
manufactured by the FDM process.

[0068] Preferably, the core hole can be printed directly
during the FDM process. In this case no further machining
process such as drilling is required.

[0069] Inanother preferred embodiment, the core hole
can be subsequently inserted into the material by a drill-
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ing process, which makes it advantageously more pre-
cise.

[0070] The core hole preferably has a smaller diameter
than the maximum pitch diameter of the self-tapping
thread of the threaded sleeve. The core hole is particu-
larly preferred to have a smaller diameter than the first
section of the threaded sleeve and a larger diameter than
the minimum pitch diameter of the threaded sleeve in the
second section. This allows the second section of the
threaded sleeve to be inserted into the core hole without
resistance, so that the core hole can serve as a guide.
[0071] In another preferred embodiment the system is
characterized in that the guide sleeve has a closure and
an insulation layer, wherein the closure is displaceable
in one degree of freedom through a laterally arranged
guide sleeve opening and wherein the insulation layer
divides the guide sleeve along its longitudinal axis in an
area arranged above the insulation layer and an area
located below the insulation layer wherein the closure is
located inthe area above the insulation layer. The closure
and the insulation layer allow the threaded sleeve to be
heated without the component manufactured by FDM
process being negatively affected by the heat. This is
because the closure positions the threaded sleeve at a
distance from the component manufactured by FDM
process where it is heaten by the heat source. The insu-
lation layer also ensures that little or no heat reaches the
FDM-component via the guide sleeve due to heat con-
duction.

[0072] The lateral opening in the guide sleeve guides
the closure in one degree of freedom. The lateral opening
is preferably 20 mm to 200 mm, more preferably 60 to
150 mm and especially 100 mm from the lower end of
the guide sleeve. These positions ensure that the thread-
ed sleeve is heated far enough away from the FDM-com-
ponent so that the heat does not adversely affect the
component.

[0073] The insertion of threaded sleeves may prefer-
ably be automated very well. By controlling the closure,
the position of the threaded sleeve can be clearly defined.
Further, the time at which a new threaded sleeve can be
inserted can be determined.

[0074] The closure may preferably be a plate that is
perpendicular to the longitudinal axis of the guide sleeve.
The closure can be set to an open or closed position. If
the closure is in a closed position, the heat is advanta-
geously reduced in an area behind the closure. In addi-
tion, the threaded sleeve is placed on the closure so that
it can be heated.

[0075] The closure may preferably be attached above
the insulation layer. This ensures that the threaded
sleeve heats up when it rests on the closure and that the
area located below the closure and/or the insulation layer
does not experience a large amount of heat.

[0076] In another preferred embodiment, the closure
may be designed to be moved manually from an open
position to a closed position or automatically by means
of an electric or hydraulic drive.
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[0077] The insulation layer is preferably embedded in
the guide sleeve. In a preferred embodiment, the insula-
tion layer is made of a material which preferably absorbs
heat very well and can therefore divide the guide sleeve
into two different temperature ranges. In another pre-
ferred embodiment, the insulation layer is designed as a
ring and connects two tubular parts with each other, so
that it results in a guide sleeve.

[0078] In a further preferred embodiment, the insula-
tion layer may be a high temperature insulation which is
very heat resistant and has a long-life expectancy. Such
high temperature insulation may preferably consist of
high temperature plastics. Their material properties are
particularly preferred. In addition to their good insulating
properties in terms of heat, they also exhibit high me-
chanical strength and low moisture absorption. Further-
more, high-temperature plastics are advantageous, par-
ticularly easy and inexpensive to produce. High-temper-
ature plastics are selected from a group consisting of
polyetheretherketone (PEEK); polyetherimide (PEI) pol-
yethersulfone (PES); liquid crystal polymer (LCP).
[0079] The insulating layer can also be made of ce-
ramics, which do not have a high heat conductivity. Ce-
ramics have the following advantageous properties: High
resistance to wear, heat, pressure and chemical influ-
ences of gases and liquids; Very good electrical insula-
tion.

[0080] In another preferred embodiment, the guide
sleeve may consist of two materials. For example, the
area above the insulation layer may have a different ma-
terial than the area below insulation layer. It is therefore
advantageous that the material of the area above the
insulation layer may preferably have a particularly high
heat conductivity, so that the threaded sleeve can be
heated very quickly. The material below the insulation
layer, on the other hand, may preferably have a low heat
conductivity so that the heat cannot spread well there
and does not negatively affect the FDM component.
[0081] In a further preferred embodiment, the insula-
tion layer and/or the area below insulation layer are
cooled by an external cooling system. The insulation lay-
er and/or the area below insulation layer of the guide
sleeve can have cooling channels through which a cool-
ing medium flows and the heatis removed from the guide
sleeve by means of a cooling circuit.

[0082] In a further preferred embodiment, the external
cooling system can be installed outside the guide sleeve.
For example, it can be a fan or a device with a cooling
medium, which cools the guide sleeve by heat exchange
without being in contact with guide sleeve. An (active)
external cooling enables faster, controllable and adjust-
able cooling of the threaded sleeve.

[0083] In another preferred embodiment the system is
characterized in that the heat source is a coil placed
around the guide sleeve and only the area arranged
above the insulation layer is surrounded by the coil. As
a result, the area above the insulation layer in particular
is heated uniformly, which leads to the threaded sleeve
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being heated without melting or negatively affect the ma-
terial of the FDM component

[0084] Preferably heating coils are windings of resist-
ance wire. Such a heat source can be regulated advan-
tageously very well and precisely.

[0085] In a further preferred embodiment the system
is characterized in that the guide sleeve is set up to re-
ceive the threaded sleeve in an opening arranged in the
upper area, to heat it and to move the closure into an
open position after reaching a target temperature, as a
result of which the threaded sleeve is guided into the area
located below the insulation layer and can be screwed
into the component manufactured using the FDM proc-
ess by means of a torque-applying tool.

[0086] Thetorque-applyingtool may preferably consist
of aheatable mandrel. This may have two functions: guid-
ing the sleeve when fitting and screwing the threaded
sleeve in the component manufactured by FDM process
and heating the threaded sleeve to the desired temper-
ature range.

[0087] The process may preferably be monitored by
sensors forahomogeneous temperature distribution and
adjusted depending on the material and the size of the
threaded sleeve.

[0088] Since the torque-applying tool may preferably
be universally applicable, the mandrel should be inter-
changeable

[0089] When screwing in the sleeve, the screwing
torque may preferably be monitored by sensors. From
this, it can be directly derived to what extent the filament
has melted due to the heat input. Furthermore, an in-
crease in torque is to be expected as soon as the thread-
ed sleeve is fully screwed into the component manufac-
tured by FDM process. This signal provided by the sensor
determines the end of the screwing process.

[0090] If the threaded sleeve is automatically placed
on the component manufactured by FDM process, the
resulting compressive force may preferably be meas-
ured. This may preferably be used to determine the con-
dition of the filament at which the melting begins and the
optimal starting time for screwing in is obtained.

[0091] A sensor for monitoring and regulating the ro-
tation speed may preferably ensure that the screwing
takes place under constant conditions. Thus, the rotation
speed may preferably be converted into the peripheral
speed depending on the pitch diameter of the threaded
sleeve’s self-tapping thread. It may preferably be used a
slow screw-in rotation speed to evenly heat the filament.
[0092] In a further preferred embodiment, the system
is characterized in that the torque-applying tool has a
sensor which is set up to monitor a parameter selected
from a group consisting of temperature, heat input,
torque, pressure, feed speed and/or rotation speed. This
advantageously ensures optimal and repeatable screw-
ing in.

[0093] Thepersonskilledinthe artknows how to adapt
all the advantages according to the invention to the
threaded sleeve and to the system and the kit as well as
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the method described below.

[0094] In afurther preferred embodiment a method for
assembling a threaded sleeve of the type mentioned with
heat input in a component manufactured by FDM proc-
ess, preferably with a system of the type mentioned is
characterized in that

a) the threaded sleeve is heated to a target temper-
ature

b) the threaded sleeve is screwed into a component
manufactured by FDM process using a torque-ap-
plying tool, wherein the threaded sleeve is guided.

[0095] In a preferred embodiment, the target temper-
ature is between 100 °C and 260 °C, preferably between
150 °C and 220 °C and especially preferred at 200 °C.
The person skilled in the art is aware that all °C between
these values are also meant. For example, the target
temperature can also be at 187°C or 167.848°C or
220.5489999 C etc. These mentioned temperatures
above have proved to be particularly effective and useful
for the present inventions. The temperatures depend on
the filament and are preferably just below the melting
temperature of the filament.

[0096] Torque-applying tools are preferably used to
apply a set torque to a fastener. When used, Torque ap-
plying tools in the art may preferably slip, break or click
to signal to the operator when the set torque is reached.
[0097] In a further preferred embodiment the method
is characterized in that

- step a) is preceded by:

al) a guide sleeve is aligned on a component
manufactured by FDM process
a2)thethreaded sleeve is inserted into the guide
sleeve

a3) the threaded sleeve is guided on a closure
present within the guide sleeve

- the following steps are between steps a) and b):

b1) the closure is moved into an open position
b2) the threaded sleeve is guided into a second
area of the guide sleeve
b3) the torque-applying tool is inserted through
an upper opening of the guide sleeve and rests
on the threaded sleeve.

[0098] The guide sleeve may preferably be aligned on
the FDM component in such a way that it preferably lies
radially over the core hole, so that the second section
(with smaller pitch diameter of the self-tapping thread) of
threaded sleeve can be easily inserted into the hole.

[0099] The threaded sleeve is preferably inserted via
the frontal opening of the upper part of the guide sleeve
and guided onto the closure. The inner diameter of the
guide sleeve is preferably matched to the maximum pitch
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diameter of the threaded sleeve’s self-tapping thread so
that the threaded sleeve is always aligned correctly.
[0100] When the closure is in its open position, the
threaded sleeve is preferably guided into the area below
the insulation layer. Since the threaded sleeve can pref-
erably be made of ferromagnetic material, it can be guid-
ed slowly onto the FDM component (by a magnet mount-
ed outside the guide sleeve). This is particularly advan-
tageous in preventing the threaded sleeve from hitting
the component manufactured by FDM process hard.
[0101] In another preferred embodiment the method is
characterized in that the torque-applying tool has a sen-
sor which is set up to monitor a parameter selected from
a group consisting of temperature, heat input, torque,
pressure, feed speed and/or rotation speed.

[0102] In another preferred embodiment the method is
characterized in that the torque-applying tool, taking into
account the monitored parameter, screws the threaded
sleeve into the component manufactured by FDM proc-
ess. Thus, an optimal process can be controlled and reg-
ulated. This process is advantageously repeatable and
comparable with subsequent and previously performed
processes.

[0103] In another preferred embodiment the invention
is related to a use of a threaded sleeve for assembling
with heat input into a component manufactured by FDM
process, wherein the threaded sleeve comprises an out-
wardly facing surface with a self-tapping thread having
cutting edges and an inwardly facing surface with a metric
thread.

Brief description of the figures

[0104]

Figure 1  schematic illustration of a preferred thread-
ed sleeve

Figure 2 illustration of a preferred threaded sleeve
while assembling with heat input in a com-
ponent manufactured by FDM process

Figure 3 illustration of preferred a method and a pre-

ferred system for assembling a preferred
threaded sleeve with heat input in a compo-
nent manufactured by FDM process

Detailed description of the figures

[0105] Figure 1 shows a preferred embodiment of the
threaded sleeve 19. In particular, the threaded sleeve 19
has preferably two sections 2, 4 on the outwardly facing
surface. The entire outwardly facing surface is preferably
equipped with a self-tapping thread. The first section 2
is located directly above the second section 4. Further,
the first section 2 has preferably a constant pitch diameter
3. This pitch diameter 3 is preferably the maximum pitch
diameter of the threaded sleeve’s self-tapping thread.
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The second (lower) section 4 is preferably designed in
such a way that the pitch diameter decreases along the
longitudinal axis. Hence, the lower section 4 acts like a
pointed sleeve and comprises a smallest pitch diameter
11. The inner diameter 9 of the threaded sleeve 19 is
preferably constant and a metric thread 21 comprising a
constant pitch diameter. The angle of inclination 5 of the
self-tapping thread, however, is preferably constant over
the entire threaded sleeve 19. The flank width 7 of the
self-tapping thread is preferably also uniform and con-
sistent over the entire threaded sleeve 19.

[0106] The following conditions should preferably ap-
ply to the pitch diameter:

(1) dey < dpo

(2) dpy > dgy

[0107] The pitch diameter may preferably be variable
or constant depending on the height of the threaded
sleeve (z). The upper pitch diameters 3 may preferably
be constant in order to ensure alignment in the guide
sleeve 25 and thus guarantee vertical screwing in.
[0108] The preferred assembling method may prefer-
ably be adapted to the angle of inclination 5 of the thread
flanks. It is important that no melted material is pressed
out of the core hole 35 during screwing in, but that the
sleeve is screwed into the softened material at a coordi-
nated rotation speed and feed speed. The thread flank
width 7 may preferably be selected so that an optimum
temperature distribution is achieved when screwing into
the material surrounding the core hole 35.

[0109] The following specifications may preferably be
conceivable for the thread flank width 7 and geometry:

i. The thread flank width 7 may preferably be con-
stant, the roughness results from the manufacturing
process. Here, the application of 1-4 grooves in the
direction z, as described in the document above,
must be taken into account to prevent loosening.

ii. Along the thread flanks, a targeted increase in
roughness may preferably be possible as an alter-
native. The melted material then may deposit along
the flanks accordingly and hardens. This results in
an effect that prevents loosening.

iii. In order to increase the effect from ii., it is con-
ceivable to design the thread flanks with a waviness.

[0110] Figure 2 shows a preferred threaded sleeve 19
preferably inserted into a component manufactured by
FDM process 37. The component 37 is preferably divided
into two zones - heat affected zone 1 and unmelted fila-
ment 13. The threaded sleeve 19 is preferably inserted
into the component’s 37 material using the self-tapping
thread and cutting edges 17, which causes the heat input
zone 1 to melt and change its properties. The molten
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material is then introduced into the groove 15 of the
threaded sleeve 19 and fixes the threaded sleeve 19 in
a firm connection. A larger number of grooves 15 can
result in a stronger connection. In this preferred embod-
iment, both sections 2, 4 of the threaded sleeve 19 have
a constant, equal pitch diameter relating the self-tapping
thread. In addition, the first section includes a hexagon
socket 23, which allows the threaded sleeve 19 to be
screwed into the component 37 using conventional
torque setting tools.

[0111] Figure 3 shows a preferred method and a pre-
ferred system for inserting a preferred threaded sleeve
19 into a component manufactured by FDM process un-
der heat input. There are two points in time (a) and b))
shown in the figure. Time a), which precedes time b),
indicates that the threaded sleeve 19 is preferably insert-
ed into a guide sleeve 25. The inner diameter of the guide
sleeve 25 is preferably matched to the maximum pitch
diameter 3 of the threaded sleeve’s self-tapping thread
sothatthe threaded sleeve 19 is always aligned correctly.
The upper part of the guide sleeve 25 is preferably sur-
rounded by a heating coil 27 or other suitable heat source.
This makes it possible to introduce heat preferably via
the guide sleeve 25 onto the threaded sleeve 19 or di-
rectly onto the cutting edges 17 of the self-tapping thread.
Inefficient heating of the threaded sleeve 19 from the
inside to the outside is thus eliminated.

[0112] The guide sleeve 25 is preferably additionally
equipped with a closure 31, which can be moved from a
closed position in an open position. At time a), the guide
sleeve 25 is locked by the closure. The preferred inserted
threaded sleeve 19 falls preferably onto the closure and
is held in the heated area of the guide sleeve 25. When
the desired teagret temperature is reached on the thread
flanks, the closure is displaced, and the threaded sleeve
may preferably be guided onto the corresponding core
hole 35 and can be screwed into the component manu-
factured by FDM process 37 by applying the desired
screw-in torque.

[0113] Belowtheclosure 31, thereis preferably located
aninsulation layer 33 separating the guide sleeve’s heat-
ed and unheated areas. This results in a temperature
gradient along the guide sleeve 25. The lower part, es-
pecially the part that is placed on the component 37,
should reach relatively cold temperature so that melting
by is avoided. If necessary, active cooling can be provid-
ed at a suitable point (not shown in the figure).

List of indications
[0114]

heat-affected zone

first threaded sleeve’s section

pitch diameter of first section

second threaded sleeve’s section

angle of inclination of the self-tapping thread
flank width

N WN -
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10

9 threaded sleeve diameter

11 smallest pitch diameter in second section
13  unmelted filament

15 groove

17  cutting edge

19 threaded sleeve

21 internal metric thread

23  Internal hexagon socket

25 guide sleeve

27  heating coil

29  threaded sleeve

31  Closure

33  Insulation layer

35 core hole

37  component manufactured by FDM process

Claims

1. Athreadedsleeve (19)forassembling with heatinput
in a component manufactured by FDM process (37)
characterized in that

- the threaded sleeve (19) has a groove (15)
along its longitudinal axis

- an outwardly facing surface of the threaded
sleeve (19) comprises a self-tapping thread hav-
ing cutting edges (17) and an inwardly facing
surface of the threaded sleeve (19) comprises
a metric thread (21).

2. Threaded sleeve (19) according to claim 1

characterized in that

the self-tapping thread is divided into two sections
(2, 4) along the threaded sleeve’s longitudinal axis,
wherein a first section (2) comprises a constant pitch
diameter (3) and a second section comprises a pitch
diameter decreasing along its longitudinal axis and
wherein the self-tapping thread’s maximum pitch di-
ameter (3) is configured at its first section (2).

3. Threaded sleeve (19) according to claim 1 - 2
characterized in that
the threaded sleeve (19) comprises ferromagnetic
material and/or several grooves (15) along its longi-
tudinal axis and/or an internal hexagon socket (23)
and/or a torx socket.

4. Kit comprising a threaded sleeve (19) according to
one of claims 1-3 and a guide sleeve (25) having a
heating coil (27).

5. A system configured for assembling a threaded
sleeve (19) according to claims 1 to 3 with heat input
in a component manufactured by FDM (37) process
comprising:

- a threaded sleeve (19) according to claims 1
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to 3

- a guide sleeve (25)

- a component manufactured using the FDM
process (37)

characterized in that

- the inner diameter of the guide sleeve (25) is
radially aligned with the self-tapping thread’s
pitch diameter (3) of the threaded sleeve (19),
so that the threaded sleeve (19) is guided in the
guide sleeve (25)

- the guide sleeve (25) is partially surrounded
by a heat source

System according to claim 5

characterized in that

the component manufactured by the FDM process
(37) has a core hole (35), wherein the guide sleeve
(25) rests radially aligned over the core hole (35).

System according to claim 5 and/or 6
characterized in that

the guide sleeve (19) has a closure (31) and an in-
sulation layer (33),

wherein the closure (31) is displaceable in one de-
gree of freedom through a laterally arranged guide
sleeve (25) opening and

wherein the insulation layer (33) divides the guide
sleeve (25) along its longitudinal axis in an area ar-
ranged above the insulation layer (33) and an area
located below the insulation layer (33)

wherein the closure (31) is located in the area above
the insulation layer (33).

System according to any one of the claims 5- 7
characterized in that

the heat source is a coil (27) placed around the guide
sleeve (25) and only the area arranged above the
insulation layer (33) is surrounded by the coil (27).

System according to any one of claims 5-8,
characterized in that

the guide sleeve (25)is setup toreceive the threaded
sleeve (19)in an opening arrangedin the upper area,
to heat it and to move the closure (31) into an open
position after reaching a target temperature, as a
result of which the threaded sleeve (19) is guided
into the area located below the insulation layer (33)
and can be screwed into the component manufac-
tured using the FDM (37) process by means of a
torque-applying tool.

System according to any one of claims 5-9,
characterized in that

the torque-applying tool has a sensor which is set
up to monitor a parameter selected from a group
consisting of temperature, heat input, torque, pres-
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1"

1.

12.

13.

14.

15.

20
sure, feed speed and/or rotation speed.

A method for assembling a threaded sleeve (19) ac-
cording to claims 1 to 3 with heat input in a compo-
nent manufactured by FDM process (37), preferably
with a system according to claims 5 to 10
characterized in that

a) the threaded sleeve (19) is heated to a target
temperature

b) the threaded sleeve (19) is screwed into a
component manufactured by FDM (37) process
using a torque-applying tool, wherein the thread-
ed sleeve (19) is guided.

Method according to claim 11
characterized in that

- step a) is preceded by:

al)aguide sleeve (25) is aligned on a com-
ponent manufactured by FDM process (37)
a2) the threaded sleeve (19) is inserted into
the guide sleeve (25)

a3) the threaded sleeve (19) is guided on a
closure (31) present within the guide sleeve
(19)

-the following steps are between steps a)and b):

b1) the closure (31) is moved into an open
position

b2) the threaded sleeve (19) is guided into
a second area of the guide sleeve (25)
b3) the torque-applying tool is inserted
through an upper opening of the guide
sleeve (25) and rests on the threaded
sleeve (19).

Method according to claim 11 - 12

characterized in that

the torque-applying tool has a sensor which is set
up to monitor a parameter selected from a group
consisting of temperature, heat input, torque, pres-
sure, feed speed and/or rotation speed.

Method according to any one of claims 11-13,
characterized in that

the torque-applying tool, taking into account the
monitored parameter, screws the threaded sleeve
(19)into the component manufactured by FDM proc-
ess (37).

Use of a threaded sleeve (19) for assembling with
heat input into a component manufactured by FDM
process (37), wherein the threaded sleeve (19) com-
prises an outwardly facing surface with a self-tapping
thread having cutting edges (17) and an inwardly
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facing surface with a metric thread (21).
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Figure 1
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Figure 2
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